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The preparation of juglone, 5-hydroxy-1,4-naphthoquinone
(3), has recently gained interest because of its activity as

SYNTHESIS

anallelopathic agent! 7, None of the various known methods
for the synthesis of 3 is satisfactory, either the yield is very
low or the starting materials are not easily accessible® ~°.
Most frequently used has been the oxidation of 1,5-dihydroxy-
naphthalene (1) with chromic acid®’-®, although only a

10% yield of pure juglone is thus obtainable®.

It was found that peracetic acid — which is known to convert
2,2-dihydroxybiphenyl into 2-(2-hydroxyphenyl)-1,4-benzo-
quinone'® — oxidizes 1,5-dihydroxynaphthalene smoothly
to a mixture of juglone (3) and S-hydroxy-1,2-naphtho-
quinone (4). Products 3 and 4 can be easily separated by
extraction of the crude oxidation product with pentane,
in which only 3 is soluble. Pure juglone is thus obtainable
in about 50% yield''. Compounds 3 and 4 are predominantly
formed if 1 is added to an excess of peracetic acid, the
reverse mode of addition leads mostly to dark resins. This
indicates that the first step of the oxidation is probably
the dehydrogenation of 1 to the unstable 1,5-naphthoquinone
(2) which polymerizes very rapidly. Only in presence of
an excess of oxidans does subsequent hydroxylation in 4-
or 8- resp. in 2- or 7-position stabilize the intermediate
2, either as the p-quinone 3 or as the o-quinone 4.
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Consistent with this interpretation of the reaction mechanism
is the fact that under the same conditions, 1,8-dihydroxy-
naphthalene ~ which cannot form a quinoid intermediate
analogous to 2 — yields only resinous materials.

Oxidation of 1,5-Dihydroxynaphthalene with Peracetic Acid:
1,5-Dihydroxynaphthalene (8.0 g) is added in ~0.6 g portions in
intervals of 15-20 min to a well-stirred solution of peracetic acid
in acetic acid (75g, 12.3% CH;COOOH) prepared as des-
cribed’® '2. After 3 h more peracetic acid (15 g, total equiv. 2.4 mol
0,) is added. The reaction mixture is kept at 20--24° by occasional
cooling with water and finally stirred for 1 h more. The formed
deep-red slurry is distilled from a 35° water bath in vacuo to
dryness and the residue (9.1 g) is extracted in a Soxhlet with
pentane until the effluent is practically colorless (~ 72 h). During
the extraction most of the juglone crystallizes out in orange red
needlets, an equally pure portion is obtained by evaporation
of the mother liquor: total yield: 4.00-4.35g (46--50%): m.p.
150--154° with dec. beginning > 130°; Lit.> m.p. 149-150°.

The pentane-insoluble part of the crude oxidation product,
digested with acetic acid (20 ml), filtered, washed with little acetic
acid, then with ether until the eluate is colorless, gives 5-hydroxy-
1,2-naphthoquinone: yield: 2.6 g (28 %): m.p. 172-176° with dec.,
identical with an authentic specimen®.

When peracetic acid (66 g, 12.3%, equiv. to 2.1 mol O,) is added
dropwise under the conditions described above to 1.5-dihydroxy-
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naphthalene (8.0 g} dissolved in ethyl acetate (200 ml), only very
impure juglone (472 mg, 54%) could be isolated.
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After this work was completed, J. Griffiths, K.-Y. Chu, C.
Hawkins (J. Chem. Soc. Chem. Commun. 1976, 679) have claimed
the photo-sensitized air oxidation of 1-naphthol 1o be “the
most convenient route to juglone”. This statement is true
with regard to starting material, oxidans, and yield (70%),
but as a synthetic method their process is impractical for
the preparation of more than about 1 g quantities of 3 because
of the necessity to work at a very high (10”? molar) dilution.
It is essential that the peracetic acid is distilled in vacuo:
in presence of the catalytic amounts of sulfuric acid used
in its preparation the yield of juglone is very low. Likewise,
mixtures of hydrogen peroxide and acetic acid do not oxidize
1.5-dihydroxynaphthalene to juglone.
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